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This listing of claims will replace all prior versions, and listing, of claims in the application: 
IvisMns! of Claims: 

1. (Currently amended) A method for detecting metal contamination in □ dielectric material disposed 
upon a semiconductor substrate, comprising: 

annealing the semiconductor substrate, wherein annealing the semiconductor substrate is effective to 
drive the metal contamination into Hie dielectric material; 

subsequent to said annealing, measuring a tunneling voltage of the dielectric material; and 

determining a characteristic of the metal contamination in the dielectric materjalT^vheFeift^ 
efoara sl e ristio is _as a function of the measured tunneling vollagc. 

2. (Original) TTic method of claim 1, wherein the annealed dielectric material is substantially free of damage. 

3. (Original) The method of chum 1, wherein annealing the semiconductor substrate comprises heating the < 
semiconductor substrate to an annealing temperature, and wherein the metal contamination comprises one 
type of metal contamination. 

4. (Original) The method of claim 1, wherein the metal contamination comprises at least two types of metal 
contamination. 

5. (Original) The method of claim 1, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature of less than approximately 1 100 6 C. 

6. (Original) The method of claim 1, wherein the metal contamination comprises copper, and wherein 
annealing the semiconductor substrate comprises heating the semiconductor substrate to an annealing 
temperature of approximately 350 °C to approximately 500 °C\ 
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7. (Original) The method of claim 1, wherein the racial contamination comprises copper, wherein annealing 
the semiconductor substrate comprises heating the semiconductor substrate for a period of time, and wherein 
the period of time comprises approximately one minute to approximately thirty minutes. 

S. (Original) The method of claim 1, wherein measuring the tunneling voltage comprises depositing a charge 
on art upper surface of the dielectric material, and wherein depositing the charge comprises using a npn- 
contact corona charging technique, 

9. (Original) The method of claim 1, wherein measuring the tunneling voltage comprises depositing a charge 
on an upper surface of the dielectric material, and wherein Ihc deposited charge comprises approximalely 
lxlO^C/em 2 to approximately 1x1 0* 4 C/cm 2 for positive tunneling voltage. 

10. (Original) Hie method of claim 1, wherein measuring the tunneling voltage comprises depositing a 
charge on an upper surface of the dielectric material, and wherein the deposited charge comprises 
approximately -1 xlO" 6 C/cm 2 to approximately -1x10"* C/cm 2 for negative tunneling voltage. 

11. (Currently amended) The method of claim 1, wherein measuring the tunneling voltage comprises: 

depositing a charge on an upper surface of the dielectric material; 

waiting for a predetermined period of time after depositing a-Jhc_chargu on an-the upper surface of the 
dielectric material; and 

determining the tunneling voltage. 

12. (Currently amended) The method of claim 1 , wherein measuring the tunneling voltage comprises 
depositing a charge on an upper surface of the dielectric material, and wherein depositing a-the .charge on ft* 
the .upper surface of the dielectric material comprises depositing the charge on predetermined regions of the 
upper surface of the dielectric material. 
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1 3. (Original) Hie method of claim 1, wherein measuring the tunneling voltage comprises depositing a 
charge on an upper surface of the dielectric material, and wherein depositing the charge on the upper surface 
of the dielectric material comprises depositing the charge on a portion of the upper surface or on substantially 
ihc entire upper surface. 

14. (Original) The method of claim 1, wherein measuring the tunneling voltage of the dielectric material 
comprises using a non-contact work function measurement technique, 

15. (Original) The method of claim 1, further comprising comparing the tunneling voltage of the dielectric 
material to a tunneling voltage of a reference dielectric material, wherein the reference dielectric material is 
substantially free of metal contamination. 

16. (Original) The method of claim 1, further comprising comparing the tunneling voltage of the dielectric 
material to a tunneling voltage of a reference dielectric material, wherein the reference dielectric material 
comprises a predetermined level of at least one type of metal contamination, and wherein at least the one type 
o f mc Lai contaminat io n i s predetermined. 

17. (Original) The method of claim 1, further comprising determining a tunneling field of the dielectric 
material, wherein the tunneling field is a function of the tunneling voltage, the method further comprising 
comparing the tunneling field of the dielectric material to a tunneling field of a reference dielectric material, 
wherein the reference dielectric material is substantially free of contamination. 

18. (Original) The method of claim 1, further comprising determining a tunneling field of the dielectric 
material, wherein the tunneling field is a function of the tunneling voltage, the method further comprising 
comparing the tunneling field of the dielectric material to a tunneling field of a reference dielectric material, 
wherein the reference dielectric material comprises a predetermined level of at least one type of metal 
contamination, and wherein at least the one type of metal contamination is predetermined. 

19. (Currently amended) Hie method of claim 1, wherein detennining fi-jh^characteristic of the metal 
contamination in the dielectric material comprises comparing the tunneling voltage of the dielectric material 
to a tunneling voltage of a reference dielectric material. 



SN 09/S54.177 Response to FinaJ Office Action mailed 12/2/03 



Page 4 of 12 



PAGE 4/12* RCVD AT 2/2/2004 3:44:22 PM (Eastern Standard Time]* SVR:USPT0-EFXRF-1/1 ■ DNIS:8729306 ' CSID:5127031250 * DURATION (mm-ss):0644 



FEB-02-2Q04 HON 02:40 PM CONLEY ROSE & TAYON FAX NO. 5127031250 P. 



20. (Original) The mclhod of claim Utunher comprising detennining a tunneling field of the dielectric 
material, wherein the tunneling field is a function of the tunneling voltage. 

21. (Original) The method of claim l s further comprising determining a tunneling field of the dielectric 
material, wherein determining the tunneling field comprises subtracting a tunneling voltage of a reference 
diclcciric material from the tunneling voltage of the dielectric material. 

22. (Original) The method of claim 1, wherein the characteristic of the metal contamination further 
comprises a function of a temperature of the annealing of the semiconductor substrate. 

23. (Currently amended) The method of claim 1 , wherein the charaetcristic of the metal contamination 
j further comprises a function of an amount of thtKLdeposited charge. 

24. (Original) The method of claim 1 , wherein determining the characteristic of the metal contamination in 
the dielectric material comprises determining a characteristic of at least two types of metal contamination in 
the dielectric material. 

| 25. (Currently amended) The method of claim 1, wherein detcrrnminga-the.characteristic of the metal 
contamination in the dielectric material comprises detenrrining a characteristic of at least one type of metal 
contamination in a portion of die dielectric material, and wherein the portion of the dielectric material 
comprises a locally contaminated region of die dielectric material. 

26. (Currently amended) The method of claim 1 , further comprising measuring the tunneling voltage of the 
diclcciric material at more than one position on the semiconductor substrate, determining a tunneling field of 
the dielectric material at each m e asurement -position, and determining the characteristic of at least one type of 
metal contamination at each meaawefiaeHt-position. 

27. (Currently amended) The mclhod of claim 26, further comprising generating a plot of the determined 
j tunneling field as a function of me asur e m e nt position. 

28. (Currently amended) The method of claim 27, further comprising comparing the generated plot of the 
determined tunneling field as a function of m e asurem ent-position to a plot of a predetermined tunneling field 
as a function of meas ur e m e nt position. 
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29. (Currently amended) The method of claim 28 4 wherein the predetermined tunneling field is 
representative of a range of acceptable levels of at least jthj^onc type of metal contamination, and wherein the 
acceptable levels of th e metal contamination do not substantially hinder 4ke-performancc of a semiconductor 
device formed on the semiconductor substrate. 

30. (Currently amended) The method of claim 1, further comprising annealing the semiconductor substrate 
j subsequent to depositing &e-_a .charge on an upper surface of the semiconductor substrate. 

31. (Original) The method of claim 30, further comprising heating the semiconductor substrate to an 
annealing temperature of less than approximately 120 fl C, 

32. (Original) The method of claim 30, further comprising heating the semi conductor substrate to an 
annealing temperature of less than approximately 120 D C, wherein the metal contamination comprises copper, 
and wherein the dielectric material comprises silicon dioxide, 

33. (Original) The method of claim 1, further comprising generating electrical stress in the dielectric material 
and healing the semiconductor substrate subsequent to generating the electrical stress in the dielectric 
materia!. 

| 34, (Currently amended) The method of claim 33, wherein generating the„elcclrical stress comprises using a 
non-contact corona charging technique, and wherein the electrical stress comprises approximately -I x 10" 3 
C/cm 2 to approximately + 1 x lO^C/cm 2 . 

35. (Original) The method of claim 33, wherein heating the semiconductor substrate comprises heating 
the semiconductor substrate to a temperature of approximately 50 °C to approximately 120 °C. 

36. (Original) The method of claim 33, wherein heating the semiconductor substrate comprises heating 
the semiconductor substrate for a period of time of approximately one minute to approximately thirty 
minutes. 

37. (Currently amended) The method of claim 1, further comprising determining a presence of particulate 

| contaminaf ion on the dielectric laye mmter ial, wherein the presence of particulate contamination is a function 
of the measured tunneling voltage. 
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38. (Original) The mcihod of claim 37, further comprising flowing a gas across an upper surface of the 
dielectric material as a charge is deposited onto the dielectric material. 

39. (Original) llic method of claim 38, wherein the gas has a moisture content, and wherein the moisture 
content of the gas is greater than a moisture content of air surrounding the semiconductor substrate. 

40. (Original) The meihod of claim 38, wherein the gas comprises ammonia. 

.41 . (Original) The method of claim 1, wherein the di electric material comprises silicon dioxide, silicon 
nitride, or silicon oxynitride. 

42. (Original) The method of claim 1, wherein the semiconductor substrate comprises monocrystalline 
silicon, silicon germanium, or gallium arsenide. 

43. (Original) The mcihod of claim 1 , wherein the metal contamination comprises copper. 

44. (Original) The method of claim 1, wherein the metal contamination comprises iron, chromium, cobalt, or 
aluminum. 

45. (Original) The method of claim 1, further comprising comparing the tunneling voltage to a set of data, 
wherein the set of data comprises tunneling voltages associated with a characteristic of metal 
contamination. 

46. (Original) The method of claim 1, further comprising 

re-annealing the semiconductor substrate subsequent to measuring the tunneling voltage; and 
re-measuring the tunneling voltage of the dielectric material. 
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47, (Currently amended) A method for increasing degradation of a dielectric material resulting from metal 
contamination, comprising: 

generating electrical stress in the dielectric material, wherein Ihe dielectric material is disposed 
upon a semiconductor substrate; 

heating Ihe semiconductor substrate subsequent to generating the electrical stress in the dicleciric 
material; 

subsequent to said heating, measuring a tunneling voltage of the dielectric material; and 

determining a characteristic of the metal contamination in the dielectric materiaVwhefein-fee 
characterist i c ig. aa a function of the measured tunneling voltage. 

48. - 54. (Canceled) 

55, (Cuirently amended) A method for determining a characteristic of metal contamination in a dielectric 
material disposed upon a semiconductor substrate, comprising: 

annealing the semiconductor substrate prior to depositing a charge on an upper surface of the 

dielectric material, wherein annealing the semiconductor substrate is effective to drive the 
metal contamination into the dielectric material; 

depositing a-the charge upon the upper surface of the dielectric material; 

annealing the semiconductor substrate subsequent to depositing a-the.charftc on the upper surface 
of the dielectric material; 

subsequent to said annealing subsequent to said depositing, measuring a tunneling voltage of the 
dielectric material; and 

determining a characteristic of the metal contamination in the dielectric material, wherein tho 
eharaeteHs4*64s_as, a function of the measured tunneling voltage. 
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56, - 64. (Canceled) 

65. (Currently amended) A method for detecting metal contamination in a dielectric material disposed 
upon a semiconductor substrate, comprising: 

annealing the semiconductor substrate, wherein annealing the semiconductor substrate is effective to 
drive the metal contamination into the dielectric material; 

mciisuring an electrical property of the dielectric material; 

determining a characteristic of the meial contamination in the dielectric material, wherein the 
characteristic is a function of die measured electrical property; and 

determining a presence of particulate contamination on the dielectric layegmaterial wherein the 
presence of particulate contamination is a function of the measwed toHftefeg 
ve4tageej_eqtriqal p^cd^. 

66. -240. (Canceled) 
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